Introduction
The pathways connecting the nervous system and gastrointestinal organs are a focus of attention among researchers [1] . Pancreas receives a rich supply of autonomic nerves [1] . The hypothalamus plays an important role in the consolidation of neurohumoral information, and has autonomic centers that are connected to the viscera through the autonomic nervous system [1] . Meanwhile, glucose increases the protein synthesis in β cells overall and especially some secretory proteins, including insulin. Meanwhile, intracellular glucose signaling pathways control the secretion of glucose and insulin by pancreatic islet α-and β-cells, respectively [2] . However, glucose also indirectly controls the secretion of these hormones through the regulation of the autonomic nervous system, which richly innervates the endocrine organs. Both parasympathetic and sympathetic nervous systems also impact the endocrine pancreas postnatal development and plasticity in adult animals [2] .
It was reported previously that ventromedial hypothalamic (VMH) lesions affected the expression of cell proliferation-related genes, neuron-related genes, and metabolism-related genes in a rat pancreas, using Rat Genome 230 2.0 (Affymetrix Japan Co., Tokyo Japan) [3] . The released Affymetrix Rat Gene 1.0 ST array has 2 major differences compared with standard 3 ′ based arrays, including Rat Genome 230 2.0: (i) it interrogates the entire mRNA transcript and (ii) it uses DNA targets. To assess the impact of these differences on the array performance, this study used Rat Gene 1.0 ST array, one of a class of whole-transcript rat exon arrays, to examine genes for which expression profiles showed significant transition. Moreover, the cellular mechanisms of gene regulation were investigated in the rat pancreas at day 3 after VMH lesions, because we previously reported that cell proliferation in the pancreas reaches a maximum at day 3 [4] .
Methods

Animals
Female Sprague-Dawley rats, weighing 230-250 g (age 10-12 weeks), were used in this study. In VMH-lesioned rats, it was reported that the presence of a dark-light cycle had a profound influence on the postoperative feeding patterns, and there were marked sex differences where decreases in food consumption were seen more in female rats than in male rats within a day-night rhythmicity [5] . As such, female rats were used. They were maintained in a temperature-and light-controlled environment (23 ± 2 ° C; 12-h light/12-h dark cycle) and were given free access to food and water. Tissue samples were collected from the pancreas of VMH-lesioned animals and sham-VMH-lesioned animals at day 3 after the operation ( n = 2 in each group for DNA chips).
All animal procedures were performed in accordance with the Guidelines for Animal Experiments at the National Hospital Organization (NHO) Kure Medical Center and Chugoku Cancer Center. The protocols were approved by the Animals Research Ethics Committee, NHO Kure Medical Center and Chugoku Cancer Center.
VMH Lesions
VMH lesions or simulated operations were performed as previously described [6] . After the operations, the rats were returned to their cages and given free access to food and water. In this study and in all experiments, localization of the VMH lesions was confirmed by microscopic examination of the brain. Consistent with this finding, the previous report illustrates lesions that included the VMH [6] .
Total RNA Preparation and DNA Microarray Analysis
In this study, the same sample using Rat Genome 230 2.0 was not used, but the total RNA was isolated from fresh pancreatic tissue. We recently described a technique that reliably improves the amount and quality of RNA extracted from rat pancreas, an RNaserich organ, using RNAlater-ICE [7] . DNA microarray was performed as described previously [8] . In this study, double-stranded complementary DNA was comprised of hybridized Affymetrix GeneChip arrays (Rat Gene 1.0 ST Array; Affymetrix Japan Co., Tokyo, Japan). The digitized image data were processed using GeneChip Operating Software 1.4 (Affymetrix Japan Co.). Genes with fold-changes >2.0 were identified as differentially expressed genes. As replicate assays were not performed, a very stringent cutoff point was selected for the detection of significant upregulation or downregulation of genes in the mRNA amount between the arrays. Using the signal intensity of selected genes that were up-or downregulated compared with the sham-VMH-lesioned control group, analysis was performed using GeneSpring GX version 10 (Agilent Technologies, Santa Clara, CA, USA).
Biological Analysis of the Differential Expressed Gene Lists
Database for Annotation, Visualization, and Integrated Discovery (DAVID) were used for pathway analysis (http://david. abcc.ncifcrf.gov/), and provided lists of enriched KEGG pathways. A p < 0.05 was set as the threshold.
Results
This study showed that VMH lesions regulated genes involved in enzymes, metabolism, transport, binding differentiation, migration, morphology, apoptosis, neuron, and immunity. Among 17,061 probes, the expression of 893 probes (5.2%) was involved in at least a 2-fold upregulation (324 probes) or downregulation (569 probes) at day 3 after VMH lesions as compared with sham-VMH lesions. Online supplementary Table 1 (see www.karger. com/doi/10.1159/000464420) shows the upregulated (>5-fold) and downregulated (>5-fold) genes, identified by Rat Gene 1.0 ST array. The results showed that VMH lesions regulated genes involved with enzymes (upregulated genes 3 probes; downregulated genes 5 probes), metabolism (upregulated genes 3 probes; downregulated genes 15 probes), transport (downregulated genes 2 probes), binding (downregulated genes 1 probe), differentiation (upregulated genes 2 probes; downregulated genes 2 probes), migration (upregulated genes 1 probe), morphology (upregulated genes 3 probes; downregulated genes 2 probes), apoptosis (downregulated genes 3 probes), neuron (downregulated genes 2 probes), and immune (upregulated genes 3 probes; downregulated genes 1 probe).
The results showed that VMH lesions upregulated genes related to inflammatory response, carbohydrate binding, response to hormone stimulus, response to endogenous, and response to extracellular stimulus, and downregulated genes related to immune response, response to nutrient levels, response to extracellular stimulus, response to hormone stimulus, and response to endogenous stimulus ( Table 1 ) . As shown in Table 1 , some significantly enriched gene ontology (GO) terms were identified, and the most meaningful term was inflammatory response (GO 0006954, p = 8.4E-14) in upregulated gene families and immune response (GO 0006955, p = 9.0E-11) in downregulated gene families. 28 DAVID functional annotation analysis showed that the molecular pathways enriched in upregulated gene families included those associated with complement and coagulation cascades, circadian rhythm, PPAR signaling pathway, hematopoietic cell lineage, systemic lupus erythematosus, pyruvate metabolism, ether lipid metabolism, glycerophospholipid metabolism, renin-angiotensin system, arachidonic acid metabolism, and neuroactive ligand receptor-interaction, whereas those in downregulated gene families included complement and coagulation cascades, the PPAR signaling pathway, systemic lupus erythematosus, ECM-receptor interaction, ether lipid metabolism, renin-angiotensin system, focal adhesion, cell adhesion molecules, glycerophospholipid metabolism, arachidonic acid metabolism, hematopoietic cell lineage, retinol metabolism, cytokine-cytokine receptor interaction, antigen proceeding and presentation, and the chemokine signaling pathway ( Table 2 ) . In a previous study, we described upregulated (>3-fold) genes and downregulated (>3-fold) genes, identified by the Genome 230 2.0 array. Table 3 shows a comparison of categories in upregulated (>3-fold) and downregulated (>3-fold) genes identified by the Genome 230 2.0 array and Gene 1.0 ST array at 3 days in pancreatic islets after VMH lesions. Genome 230 2.0 array identified 13 (0.4%) upregulated probes and 23 (0.7%) downregulated probes among 31,099 probes; meanwhile, Gene 1.0 ST array identified 70 (4.1%) upregulated probes and 117 (6.9%) downregulated probes among 17,061 probes. In the Genome 230 2.0 array, the common categories in upregulated genes were enzyme (31%), migration (24%), and morphology (15%), and those in downregulated genes were enzyme (43%), differentiation (17%), morphology (17%), and neuron (17%). In comparison, in the Gene 1.0 ST array, the common categories in upregulated genes were immune (19%), metabolism (17%), and morphology (16%), and those in downregulated genes were metabolism (23%), immune (19%), differentiation (10%), and neuron (10%) ( Table 3 ) . Consistent with this, we recently reported that using Gene 1.0 ST array in rat pancreatic islets rather than whole pancreatic tissues, VMH lesions affect the expressions of multiple cell proliferation, morphology, metabolism, and immune response genes [8] [9] [10] . Among the probes identified by these arrays, in downregulated genes, the same probes consisted of only 2 probes: L-threonine dehydrogenase and murinoglobulin 1, but in upregulated genes, the same probes were not found.
Discussion
Current publication guidelines require that all microarray results are confirmed by an independent gene expression profiling method, such as real-time PCR, because microarrays can also give results that vary considerably [11] . However, it is impossible to confirm all In this study, Rat Gene 1.0 ST array was used, which is one of a class of whole-transcript rat exon array for mRNA expression profiling of rat pancreas, to examine pancreatic cellular responses to VMH lesions, and showed the fact that VMH lesions regulated genes were involved in many functions related to the pancreas, including for enzymes, metabolism, transport, binding, differentiation, migration, morphology, apoptosis, neuron, and immune function. We previously reported that using Genome 230 2.0, one of a class of standard 3 ′ based arrays, VMH lesions influenced genes that were involved in functions related to cellular compromise, immune response, immune and lymphatic system development and function, cancer, hematological disease, cellular movement, molecular transport, cell signaling, nerve system development and function, etc., in whole pancreatic tissue [3] . Therefore, our previous results [3] were confirmed in this study, using whole-transcript rat exon array, because VMH lesions change the expression of many function genes in rat pancreas. However, the probes identified by these 2 arrays were remarkably different ( Table 3 ). Further studies are needed to clarify this finding.
In this study, we examined freshly isolated islets for gene expression analysis. Islet isolation shows the change of expression of multiple genes including those involved in hypoxia and stress [12] . However, functional cluster analysis did not indicate an enrichment of genes in these categories. Therefore, there is almost no possibility that islet isolation itself may alter the gene expressions in the present study.
In conclusion, many genes according to VMH lesions were also identified by whole-transcript rat exon array. These genes may effect changes in the pancreas, both due to VMH-specific effects and secondary effects of metabolic consequences from VMH lesion. This study showed multiple genes and gene clusters that might clarify additional gene functions that affect pancreas functions independently or in combination with VMH lesions. Recently, while it is true that qPCR cannot validate every single gene that is up-or downregulated, it can now come closer with the advent of Fluidigm and related technologies. Further investigations may be needed to clarify the validation by these technologies. One of the limitations of this study is that 2 array systems were not compared with the same RNA samples. In this experiment, the study designs have similar components regarding the age of mice, housing conditions, differences, and severity of VMH lesions. However, in case of fragile tissues like islets, slight variations in glucose concentrations, oxygen, and stress may influence a variety of genes.
